As new institutions incorporate transoral robotic surgery (TORS) into their everyday practice, it is helpful to have a timeline reference of expected goals to follow as their experience increases. This article evaluates a single tertiary care academic institution's experience with TORS for head and neck tumors and reports its 4-year learning curve.
T
HE CURRENT TREATMENT trend of head and neck tumors, both benign and malignant, continues toward minimally invasive, organsparing techniques. Transoral laser microsurgery has previously been the most accepted transoral approach for early laryngeal and pharyngeal tumors. With the introduction of transoral robotic surgery (TORS) into head and neck surgery in 2005, the technique has become common practice for numerous otolaryngologic procedures. 1 Previous studies have demonstrated its feasibility, lower morbidity rates, good functional outcomes, and comparable overall survival rates for patients with upper aerodigestive tract neoplasms. [2] [3] [4] [5] With the introduction of any new technology or novel operative technique is an anticipated learning curve. As new institutions incorporate TORS into their everyday practice, it is helpful to have a timeline reference of expected goals to follow as their experience increases. The objective of this article was to evaluate a single tertiary care academic institution's experience with TORS for head and neck tumors over a 4-year period and report treatment trends and clinical outcomes.
METHODS

PATIENT SELECTION
Between March 2007 and September 2011, 168 patients were enrolled in a prospective surgi-cal database and underwent TORS for tumors of the head and neck at the University of Alabama at Birmingham. Institutional review board approval was obtained to perform a clinical trial using the da Vinci Robot (Intuitive Surgical Inc) for the resection of head and neck tumors. Inclusion criteria included lesions of the oral cavity, oropharynx, hypopharynx, or larynx that were amenable to resection transorally. Patients with both benign and malignant pathologic conditions were included. Patients were excluded if they were noted to have lesions with bone involvement, were predicted to require free flap reconstruction, or had significant trismus (mouth opening Ͻ1.5 cm).
TRANSORAL ROBOTIC SURGERY
Operative treatment involved general anesthesia, transnasal or transoral endotracheal intubation, and paralysis for the duration of the transoral portion of the procedure. Exposure was obtained using the Feyh-Kastenbauer laryngeal retractor, the Crowe-Davis retractor, or an Andrews tongue blade and cheek retractor. If adequate exposure was able to be obtained, the resection was performed. If the tumor was unable to be visualized or if it was found to involve bone or potentially require free flap reconstruction, the procedure was aborted. Standard robotic resection of tonsil and base of tongue tumors has previously been described in the literature.
6,7 Neck dissection(s), if warranted, was performed either at the same operation or in a staged operation.
OUTCOME MEASURES
Standard demographic data were recorded noting patient age, sex, tumor type, stage, and subsite. If they had a diagnosis of malignant disease, previous adjuvant therapy was noted. The total group was subdivided into 4 consecutive groups (42 patients each) based on date of surgery. Patients were monitored throughout their hospital stay and up to 4.5 years postoperatively (mean follow-up duration, 14 months). Numerous data points were collected and compared over time including feasibility, operative time, total length of intubation, need for postoperative tracheostomy, need for feeding tube, length of hospital stay, and margin status. The rate of postoperative complications was also noted.
STATISTICAL ANALYSIS
Associations between variables (number of aborted cases, number of salvage cases, tracheostomy, feeding tube use, neck dissection performed, initial positive margin status, postoperative complications, case frequency, operative time, length of intubation, and hospital stay) were tested with the 2-tailed Fisher exact test or paired t tests as appropriate. PϽ.05 was considered statistically significant. Statistical analysis was performed using GraphPad Software (GraphPad Software Inc).
RESULTS
A total of 168 patients were included in this study (108 male [64%]; mean age, 59 years [range, 29-86 years]). The majority of patients had tumors of the oropharynx: 61 (36%) were located in the tonsil and 50 (30%) in the tongue base. There were 16 tumors of the pharyngeal wall (9.5%), 35 (21%) in the supraglottis, 4 (2%) in the floor of mouth, and 2 (1%) in the pyriform sinus. There were similar numbers of each subsite in each of the 4 groups.
The majority of patients underwent a successful roboticassisted resection, with 31 patients (7-9 patients per group) being deemed poor candidates for robotic resection, requiring their case to be aborted (Figure 1 ). There was no statistically significant difference in the number of aborted cases between group 1 and group 4 (PϾ.99).
Most patients had malignant (95%), early T-stage tumors (T1/T2), and this was consistent over time across all groups, as given in the Table. There was no statistically significant difference over time in initial positive margin status (2-5 per group), number of salvage cases performed (7-9 per group), number of tracheostomies required (2-4 per group), or feeding tubes required (22-25 per group) (P Ͼ .99 for all). A similar number of patients in each group underwent a neck dissection either concurrently with robotic resection of the primary tumor or in a staged manner (Figure 1) .
We also evaluated the number of TORS cases performed per month. The case frequency varied from month to month, but there was an overall increase in the number of cases performed per month as experience increased (Figure 2A) . When evaluating total operative time, there was a significant decrease over time (P Ͻ .001). The mean operative time for group 4 was 86 minutes (range, 32-203 minutes), which was 47% shorter than the mean time for group 1 of 183 minutes (range, 24 minutes-6 hours 7 minutes) ( Figure 2B ). The mean total intubation time for group 4 patients was 1.7 hours (range, 1-2 hours), which was an 87% decrease from the mean intubation time in group 1 (12.9 hours [range, 1-72 hours]). This difference was statistically significant (P = .001) ( Figure 2C ). Length of hospital stay significantly decreased over time as well (P Ͻ .001). The mean hospital stay decreased from 3.0 to 1.4 days ( Figure 2D ).
There was no significant difference in the number of patients requiring tracheostomy or feeding tubes between the groups. All groups had between 2 and 4 patients that required a tracheostomy either at the time of or after the procedure. On average, between 22 and 25 patients per group required some form of feeding tube, for varying lengths of time.
We also documented and compared the number of postoperative TORS-related complications in each group. These consisted of postoperative airway edema requir- ing an intervention and postoperative bleeding. The majority of complications, as expected, occurred in group 1. Seven patients experienced bleeding and 6 had airway edema in this group. The number of patients with either complication was much less in group 4 (2 had postoperative bleeding and 1 had airway edema). These postoperative complication trends are depicted in Figure 3 .
DISCUSSION
This is a multiyear, prospective study that documents a single institution's TORS learning curve. A learning curve can be defined as the changing rate of learning for a given activity or tool over time. It is typically steepest in the beginning as new knowledge is being acquired and then eventually reaches a plateau phase once maximum efficiency and/or expert level of performance is reached. The slope of the learning curve, or the speed by which a new technique is perfected, is dependent on numerous factors. These include, but certainly are not limited to, the surgeon performing the technique, the ancillary staff, the patient population available, the frequency of cases, and most importantly the number of cases performed. A recent report in the literature discussed the implementation of a TORS program in a tertiary academic medical center and outlined a suggested plan to rapidly achieve an acceptable "steady-state of efficiency." 8 One of the goals of this article was to highlight certain expected milestones that may reasonably be achieved after a set number of cases are performed. Programs that are in the beginning phase of their TORS experience commonly want to know how many cases it will take to achieve a reasonable operative time, among other end points.
We demonstrated particular areas of expected improvement as case number increased in the following end points: (1) decrease in operative time, (2) decrease in postoperative intubation time, (3) decrease in hospital stay, and (4) decrease in overall TORS-related complications. As experience with TORS increased, we noticed improved efficiency in placement of the mouth retractor, robot docking, as well as actual tumor resection. All of these variables contributed to the overall decrease in operative time.
A decrease in total length of intubation was seen as the operative time decreased and as our confidence with airway management of this new group of patients increased. Early on in our series, many patients were routinely left intubated overnight, but as our experience increased, we were able to comfortably extubate nearly all patients in the immediate postoperative period. A decrease in mean hospital stay was noted as patients were increasingly found to have early postoperative pain control, tolerance of enteral nutrition, and minimal risk of complications. Most patients were comfortably discharged after an average of 2 nights stay. Most recently at our institution, the majority of patients are spending less than 24 hours in the hospital following a routine TORS procedure.
It is critical to also note the decrease in number of TORS-related complications, particularly those that may be attributed to technical error. There were significantly fewer patients with airway edema requiring postoperative interventions over time. We believe that this was likely multifactorial. The routine use of intravenous glucocorticosteroids both intraoperatively and postoperatively, the significant decrease in operative time, as well as the introduction of the thulium laser for supraglottic resections all played a role in minimizing postoperative edema. The incidence of postoperative bleeding was variable in groups 1 to 3 but was significantly lower in group 4 compared to group 1.
As we move forward with rapidly advancing medical technology, it is important to monitor our progress over time to ensure that our progress is in a positive direction along the learning curve. The trend toward a "pay-forperformance" health care model, where reimbursement is dictated by clinical excellence is on us. 9 Learning curve studies, such as this one, are needed to provide evidencebased measures by which performance may be assessed.
